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Abstract 
Many factors like nonlinear material properties, cracking of concrete, creep and shrinkage of concrete are the parameters which 
influence the deflections of slab strips. The literature review points out that analytical methods are required to predict the entire 
load deflection behaviour of restrained slab strips under short term loading. A method is proposed to predict the same for 
Traditionally Vibrated Concrete (TVC) and Geopolymer Concrete (GPC) slabs. The results are compared with the prediction of 
Rankine et al and Eyre and Kemp. The results show that the proposed method is able to predict the load deflection behaviour 
satisfactorily of restrained TVC/GPC slab strips. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
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1.  Introduction 
Reinforced concrete slabs are used in almost every structural system. Slabs are designed as uncracked sections 
using elastic analysis [1]. The elastic analysis is useful in predicting the deflections at service loads, however the 
factor of safety against collapse cannot be assessed. Hillerborg strip method and Johansen’s yield line load method 
[2] have been developed using lower bound and upper bound theorems respectively. The former method has been 
recognized as a design method while the latter is used for analysis of slabs. Yield line load obtained by Johansen’s 
yield line analysis is found to be less than the ultimate load obtained from tests [3]. This enhancement of the load 
beyond yield line load is due to the boundary restraints and change in geometry. This phenomenon is called arching 
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action/membrane action. Many investigations have been reported using rigid plastic analysis [4-8]. These methods 
are able to predict the ultimate load for an assumed deflection of such slabs and the descending portion of the load 
deflection curve. However, they are unable to predict the trend of the actual load deflection behavior, i.e., from zero 
load to ultimate load. In the present work, an attempt has been made to predict the same for restrained slab strips 
including the membrane action. The predicted load deflection curves are compared with the experimental load 
deflection curves and the results obtained by the available analytical methods [5,7]. 
2. Proposed Method 
 The proposed method for prediction of load deflection behaviour of laterally restrained slab strips has been 
developed in three stages as indicated in Fig.1. Stage 1 corresponds to load deflection between zero load and 
cracking load, Stage 2 corresponds to load deflection beyond cracking load upto Johansen’s load and Stage 3 
corresponds to behaviour beyond Johansen’s load till ultimate load. 
  
 
  
 
 
 
 
 
 
Stage1 
2.1 Load deflection behaviour upto cracking load (0<q≤qcr) 
 
 The load deflection behaviour is predicted using the elastic deflection formulae and the gross moment of inertia 
function. The short term deflection is computed from, 
Ɂ ൌ ஒభ୯୪
ర
୉ౙ୍ౝ
 (1) 
where β1 = 1/384 for restrained one way slab strip under distributed loading. At theoretical cracking load, 
i.e., at q = qcr and δ = δcr, we have, 
δୡ୰ ൌ 
βభ୯ౙ౨୪ర
୉ౙ୍ౝ
 (2) 
and from elastic analysis 
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Fig. 1. Idealised load deflection plot 
Fig. 2. Deflected shape of the strip 
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Stage 2 
2.2 Load deflection behaviour beyond cracking load and upto Johansen's load (qcr<q≤qj) 
 
In this stage, the deflection is computed from, 
δ ൌ βభ୯୪
ర
୉ౙ୍౛
 (3) 
and the effective moment of inertia function Ie is similar to that specified by ACI 318-2014 [9], 

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The intensity of Johansen's yield line load is computed from limit analysis as, 
୨ ൌ
ଵ଺୑౫
୪మ  (5) 
and 
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ɘ ൌ ୅౩౪୤౯ୠୢ୤ౙ′ ୡ
′ ൌ ͲǤͺୡ୩  (5b) 
Thus δj is computed using equations (3), (3a), (5) by replacing 'q' as 'qj'. 
Stage 3 
2.3 Load deflection behaviour beyond Johansen's load (qj<q≤qu) 
 
The prediction of load deflection behaviour is based on the following assumptions. (i) The membrane action 
begins after the mechanism has formed and (ii) the strength of concrete in tension is neglected. With respect to the 
first assumption, the membrane forces develop at early stages of loading but magnitude of the membrane forces is 
small prior to the yield line load. Hence the above assumption has been made. The second assumption is made as 
concrete is weak in tension. The procedure in general follows Eyre and Kemp's [5] work with the following 
modifications. (i) The deflections prior to Johansen's load have been included to predict the load deflection response 
and (ii) elastic shortening of slab strips has been included. 
Fig.2 shows the case of a uniformly loaded restrained flat plate. The supports are assumed to be infinitely rigid 
and the slab is restrained against both rotation and translation. The slab is provided with equal tensile reinforcement 
and at midpsan. If there is no horizontal restraint at the support, the slab would fail when the flexural plastic hinges 
are formed at the supports and the collapse load would be Pj. The effect of the horizontal restraint at the supports 
increases with increase in collapse load. 
 
2.3.1 Yield Criterion 
 
Wood [10] gave a non-dimensional relationship as, 
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where (M/Mu) = ratio of moment M to pure flexural yield moment Mu 
  (N/To) = ratio of axial compressive force N applied at the centre of the section to the yield force of tension 
of steel 
 α and β = coefficients depending on the properties of the concrete section, and 
୭ ൌ ρ୷ (7)
The position of neutral axis μ is obtained from the yield criterion as, 
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 (8) 
and'f' is the yield function obtained from equation (6) as 
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using equations (8) and (9), 
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2.3.2 Geometrical Relationship 
 
Referring to Fig. 2,  
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neglecting higher powers of δj greater than 2, the above equation is simplified to  
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The extensions e0 and e1 are dependent on the plastic deflection and hence,  
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substituting equation (13) in equation (12), 
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as the slab is isotropic, μ0 = μe and that  
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considering the equilibrium of moments, the enhancement factor is obtained as, 
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2.3.3 Prediction of load deflection behaviour beyond Johansen's load 
 
Equation (17) expresses the load as a function of plastic deflection 'δp'. As plastic deflection 'δp' increases, the 
intensity of load 'q' increases upto a maximum value and further increase of 'δp', the load decreases. Thus the 
computations were done till the load deflection behaviour of slabs showed a descending trend. It is to be noted that 
δjis the computed value of deflection at Johansen's load in Stage 2. 
3. Experimental Work 
The experimental programme consisted of casting and testing of fifteen fixed one way rectangular slabs out of 
which seven were made up of GPC and other eight were made up of TVC. In these slabs, the tensile reinforcement 
was varied, and the slabs were cast with two different thicknesses of 50 and 65mm. M60 grade concrete has been 
designed and the mix proportioning are cement - 375 kg/m3; silica fume - 42 kg/m3, coarse aggregate - 1050 kg/m3; 
fine sand - 716 kg/m3; water - 150 l/m3 and superplasticizer - 2.5%. The mix proportioning for GPC was done [11] 
and the final mix proportioning are as follows. Fly ash - 366 kg/m3; GGBS - 40kg/m3; coarse aggregate - 
1295kg/m3; fine sand - 555kg/m3; NaOH solution (10M) - 41kg/m3; Na2SiO3 - 103kg/m3; water - 40l/m3 and 
superplasticizer- 3%. Using the above mix proportioning, slab specimens were cast and the details are given in 
Table1. The size of the specimens was 1080X500mm. The main variables were the amount of main steel and the 
thickness of the slabs. The spacing of the distribution steel was 5mm dia at 150mm centre to centre. 
 
Table 1. Test data of TVC/GPC slabs 
Slab No. Thickness  
(mm) 
Cube strength  
(N/mm2) 
Spacing of main  
reinforcement  
(mm) 
Cracking load  
(kN)  
Ultimate load 
 (kN) 
TVC-65-1 65 64 75 18 50 
TVC-65-2 65 58 95 28 40 
TVC-65-3 65 60 125 12 34 
TVC-65-4 65 62 150 12 30 
TVC-50-1 50 68 75 10 46 
TVC-50-2 50 65 95 10 30 
TVC-50-3 50 64 125 12 26 
TVC-50-4 50 66 150 8 26 
GPC-65-1 65 61 75 10 56 
GPC-65-3 65 60 125 10 40 
GPC-65-4 65 58 150 6 22 
GPC-50-1 50 60 75 8 54 
GPC-50-2 50 58 95 6 46 
GPC-50-3 50 60 125 12 42 
GPC-50-4 50 57 150 12 36 
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Fig. 3. Experimental Setup 
The yield stress of steel was 572 N/mm2 and the ultimate tensile stress was 625 N/mm2. The details of the tested 
slabs are given in Table 1. All the slabs were tested under four point loads which are considered to simulate the 
uniformly distributed load. The load from a single jack of 500kN was equally distributed through tiers of steel rails 
and rods. Fig.3 shows the experimental setup. 
4. Results and Comparison 
The proposed method has been used to predict the load deflection behaviour of eight traditionally vibrated 
concrete and seven geopolymer concrete slab strips. The predicted load deflection behaviour is compared with the 
experimental load deflection curves of slab strips. A comparison has been made with the prediction of Rankines' [7] 
and Eyre and Kemps' [5]. Fig.4 shows the comparison of experimental load deflection curves with that of the 
theoretical load deflection curves. The theoretical curves have been terminated at the experimental deflections at 
ultimate load. 
 
 
 
 
 Fig.4. (a) Load v/s Deflection TCV-50-1 Fig.4. (b) Load v/s Deflection TCV-65-2 
 Fig.4. (c) Load v/s Deflection GPC-50-2  Fig.4. (d) Load v/s Deflection GPC-50-3 
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5. Summary and conclusions 
A method has been proposed to predict the load deflection behaviour of laterally restrained TVC/GPC slab 
strips.The proposed method has been used to predict the load deflection of TVC/GPC slab strips. It is found that the 
proposed method is able to predict satisfactorily the deflections at different load levels. The ratio of computed to 
experimental deflections at working load on an average is 0.94 with a coefficient of variation of 30%. Also at 
Johansen's yield line load the above values are 0.85 with a coefficient of variation of 32%. The authors are to be 
content with the above predictions and had there been more test data, the predicted method could be improved. 
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